Introduction.
Let/(z) =ao+aiz+ • ■ ■ +a"zn be a polynomial of degree n with complex coefficients. Many useful estimates for the zeros oif(z) depend only upon the moduli, |a*|, of some or all of the coefficients. As such, these estimates apply not only to/ but to certain classes ff a of polynomials related to/which will be defined below. We have discovered a simple characterization of the set of all zeros of polynomials in such a class 'Sa by a system of algebraic inequalities. This is an extension of well known theorems by Pellet and Walsh. Our results are sharp for each class Sa-Thus, they can be used to estimate to what extent a given bound for the zeros of f(z) is best possible. We illustrate this by using our main theorem to give generalizations of theorems by Marden and Ostrowski. Our main point is that, by applying quite elementary methods, one can obtain a number of theorems related to Pellet's theorem. These theorems depend upon the existence of disjoint regions in the complex plane containing the zeros of all polynomials in a class Sa-Although the inequalities in Theorem 1 may be complicated, they should prove useful for the derivation of simpler estimates and also for the determination of how close a known estimate is to the best possible result. Our results are related to estimates for the characteristic values of a matrix using minimal Gerschgorin sets due to R. S. Varga [10], [l] , in the sense that we prove theorems about the class Sa rather than the individual polynomial f(z).
Our main theorem is proved in §2 and applications are given in §3. The author would like to thank Professor Varga for helpful discussions. 
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License or copyright restrictions may apply to redistribution; see https://www.ams.org/journal-terms-of-use [October (In general, we shall write 5A lor 5a(J) when the context is clear.) Further, for any class of polynomials, (P, we denote by S(0>) the set of zeros, (2.2) S((P) = {<r\ q(a) = 0 for some qE<?}.
With these definitions we can state our main result which precisely characterizes S(5a) by a system of algebraic inequalities. 3. Application. We will first examine the consequences of Theorem 1, when A = 0, the empty set, and A = (m, p), a set of two indices. In the former case, our theorem reduces to a theorem of Pellet and its converse due to Walsh. In the latter case we obtain a refinement of a theorem of Marden. We will conclude with a problem related to Pellet's theorem which was studied by Parodi and Ostrowski [5] - [8] .
(1) A =0. In this case we shall write (2.8) as Walsh also proved a second theorem for the limiting case of Pellet's theorem in which hk(z) has a double root p [ll], [3, Theorem 28, 3] . In this case, hk(z) 2^0, for all z and Theorem 1 gives no information. However, if q(z) = zZ?=o bizi is in 3^,0 with |&t|>|a*|, then hk,$(q; p) <0and thusq(z) has k zeros in \z\ ^p. Since f(z) is the limit of a sequence of such q(z) and the zeros of a polynomial are continuous functions of the coefficients, it follows that/(z) also has at least k zeros in \z\ ^p. A refinement of the argument shows that if/(z) has 5 zeros on \z\ =p, these are double zeros and f(z) has k -b zeros in \z\ <p. However, from Theorem 1, we find that S($F(o,2)(f)) actually has three disjoint components, as illustrated in the figure.
\\vV <'0> ay) 5 (ff(o.2)(l+2a:+4i:s+a:3)) (not to scale). Marden's estimate [2] indicated by the broken line.
We remark that, since hPi(m,p-,(z) = min(hm(z), hp(z)) when arg z=am -\-ir/p-m, and hk,im,p)(z) =hk(z) when argz=am and k^m, p, 5(JF(m,p)) has more than one connected component if and only if the same holds for S($<j). Thus, if aES(3$), one can always find a a'ES(^im,P)) with I a' I = I a \. This shows that, if one wants to obtain bounds for the zeros of a polynomial which are significantly stronger than those derived from Pellet's theorem, one should fix at least three coefficients. Specht [9] has given some estimates for S(5a) when ^4 = (0, 1, • • • , k, n), k<n. These are also easy consequences of Theorem 1. However, it appears that S(5a) cannot easily be computed by hand if A contains more than two indices.
(3) A problem related to Pellet's theorem was studied by Parodi and Ostrowski [5] - [8] . If the coefficients a0, • ■ ■ , a"-i of f(z) are sufficiently small compared to an~i, then one can find two disjoint disks |anz+a»-i| Zip and \z\ ^p* which contain exactly one and (n -1) zeros of/(z), respectively. Ostrowski gave necessary and sufficient conditions on the coefficients for the existence of such p and p*. With little extra work we shall solve a more general problem.
Let A be a subset of {0, 1, • • • , n} which excludes at least two numbers, and let r and 5 be respectively the smallest and largest integers not in A, 0^r<s^n.
We define This theorem follows from Theorem 3 by an examination of various cases. We will omit the proof which is not hard but somewhat lengthy.
